Abstract-High-definition (HD) map transmission is considered as a key technology for automatic driving, which enables vehicles to obtain the precise road and surrounding environment information for further localization and navigation. Guaranteeing the huge requirement of HD map data, the objective of this paper is to reduce the power consumption of vehicular networks. By leveraging the mobile rule of vehicles, a collaborative vehicle to everything (V2X) transmission scheme is proposed for the HD map transmission. Numerical results indicate that the proposed scheme can satisfy the transmission rate requirement of HD map with low power consumption.
I. INTRODUCTION Vehicular networks is a typical application of 5G ultra-reliable and low-latency communication (URLLC).
It is an important mean to realize automatic driving in intelligent transportation systems (ITS) [1] , [2] . Automatic driving technology is helpful to avoid traffic accidents and reduce traffic congestion [3] . In order to realize automatic driving technology, the accuracy of positioning and controlling for automatic driving vehicles (ADVs) should be up to the centimeter level. Therefore, a series of sensor information should be provided for the ADVs in order to support the centimeter accuracy [4] .
A rapid lane detection algorithm was proposed based on machine vision, which is accurate and robust under different conditions, such as lane line missing and obstacle appearance in the track [5] . However, many vision-based research challenges have not yet been solved, such as the low-definition image clarity and poor visibility in rainy, hazy weather and night conditions [6] . Since vision-based automatic driving probably has safety risks in the situations mentioned above, high-definition (HD) map emerges to support automatic driving. The road information contained by HD map has enough precision to help ADVs identify the road signs with a centimeter accuracy. On the other hand, HD map also contains real-time traffic information, such as the state information of running cars, pedestrians and cyclists, which will be helpful to avoid accidents in critical situations with fast response times [7] . Moreover, HD map-based vehicle localization and predictive cruise control have been studied in [8] , [9] . However, how to transmit the HD map by wireless network is still an open problem to our best knowledge. Since HD map contains more road and traffic related information than traditional maps, the data volume is huge for the network to delivery. Therefore, it is necessary to design some transmission schemes to support high transmission rate with low network cost and latency.
Vehicle-to-infrastructure (V2I) makes vehicles connect to the neworks via roadside units (RSUs) and supports high-speed short-range communications [10] . Therefore, a transmission scheme based on V2I communication has been proposed through jointly optimizing the traffic flow rate and the power consumption of the network [11] . On the other hand, in addition to transmitting HD map by RSU, two cars driving in the opposite direction contain the HD map information needed by each other. Therefore, vehicle-to-vehicle (V2V) communication can also be employed for HD map transmission. Besides, V2V communications have shorter communication distance than V2I, which can reduce the path loss, transmission delay and power consumption, and it is of vital importance for vehicles and RSUs. [12] , [13] .
Motivated by this, this paper studies the HD map transmission for automatic driving. Considering both the power efficiency and communication efficiency, a collaborative V2X transmission scheme is proposed in order to achieve high-speed HD map transmission with low power cost. The proposed scheme combines both V2I and V2V communications and adaptively allocates the power between the RSU and vehicle. On the other hand, a more realistic estimation expression of the transmission rate is adopted in order to reflect the influence of the decoding error probability. The simulation results indicate that the proposed transmission scheme can reduce power consumption while guaranteeing the transmission rate requirement of HD map.
The remainder of this paper is organized as follows. Section II describes the system model and formulates the HD map transmission problem with power consumption minimization. A cooperative transmission scheme is proposed based on mobile vehicle rule in Section III. The simulation results and analysis are given in Section IV. Section V concludes this paper.
II. SYSTEM MODEL AND PROBLEM FORMULATION

A. System Model
As shown in Fig. 1 , two vehicles driving in the opposite directions on an urban road, where the red as the gains of downlink large-scale channels for V2V and V2I, respectively, where ϕ 0 is a channel constant related to the antenna gain and carrier frequency, α is the path-loss exponent, d R represents the distance between the red vehicle and RSU. On the other hand, denote h V and h R as the fast fading coefficients of the V2V and V2I channels, respectively, and h V , h R ∼ CN(0, 1). Then, the V2V and V2I channels can be expressed as
2) Transmission Model: Assuming that the transmit power values of the blue vehicle and RSU are p V and p R , and s V with |s V | =1 and s R with |s R | =1 represent the transmitted symbols from the blue vehicle and RSU, respectively. Then the transmission signals of the blue vehicle and RSU can be written respectively by
and the received signals of the red vehicle are respectively given by
where the additive white Gaussian noises
. Therefore, the signal to noise ratios (SNRs) of the red vehicle can be expressed respectively as
where ϕ 1 is a SNR loss coefficient due to non-ideal channel state information at the transmitter.
3) Transmission rate: Considering the decoding error probability, the transmission rates of vehicle and RSU can be expressed respectively as
where τ is the duration of transmission, ε C,V V and ε C,R R are decoding error probabilities in downlink of V2V channel and V2I channel, respectively, and Q −1 G (x) denotes the inverse of the Gaussian Qfunction [14] , [15] .
B. Problem Formulation
Based on the proposed collaborative V2X transmission scheme, the objective of this paper is to minimize the total power consumption of both the RSU and vehicles as well as ensure the transmission rate requirement of the HD map. Therefore, the optimization problem of this paper can be formulated as
where (10) and (11) are the transmit power constraints of vehicle and RSU, p RM and p VM denote the maximum transmit power values of RSU and vehicle, respectively, (12) describes the outage probability requirement of HD map transmission and δ is the maximum violation probability.
III. COOPERATIVE POWER ALLOCATION FOR HD MAP TRANSMISSION
In order to solve the formulated problem described in (9)-(13), we need to transform the transmission rate outage constraint (12) into a constraint of p R or p V by considering the distribution of the HD map volume q. Since the expression of tansmission rate in (7) or (8) contains a constant term, (12) has different expressions in different situations, i.e.
We will solve the problem in (9)- (13) under the conditions (14a)-(14c), respectively, i.e., V2I transmission only, V2V transmission only, and cooperative V2X transmission. Then, we can obtain three suboptimal power allocation schemes. Finally, the optimal power allocation can be obtained by comprehensively considering the sum transmit power values of both RSU and vehicle.
A. Suboptimal Power Allocation 1) V2I transmission only:
We have the following results.
Proposition 1: When the HD map is transmitted by V2I only, i.e., p V = 0, the power allocation of the vehicle and the RSU is given by
where
where Φ (x) is the cumulative distribution function of standard normal distribution, and {x} b a = min{b, max{a, x}}.
Proof : To obtain the power allocation under the conditions (14a), we need to transform the transmission rate constraint (12) . The probability density function of q can be given by
where f N (x) is the probability density function of standard normal distribution. Then, the left side of inequality (12) can be transformed into
In order to simplify the expression, we define the constant
Then, based on (17) and (19), the outage probability in (18) can be expressed as
and therefore (12) can be rewritten as
Further, taking into account equation (19), constraint (12) can be transformed into
Considering constraints (10) and (11), the power allocation under V2I transmission only can be given by (15) .
2) V2V transmission only:
Proposition 2: When the HD map is transmitted by V2V only, i.e., p R = 0, the power allocation of the vehicle and the RSU is given by
Proof : The proof is similar to that of Proposition 1 and therefore is ignored.
3) Cooperative V2X transmission:
Proposition 3: When the HD map is cooperatively transmitted by V2V and V2I, the power allocation of vehicle and RSU is given by
Proof : To obtain the power allocation of cooperative HD map transmission, we use the method in Proposition 1 to transform (12) into
Without consideration of (13), the partial Lagrange function of problem in (9) is given by
where λ= {λ i ≥ 0, i = 1, ..., 5} is the Lagrange multiplier vector. We can prove that the first order derivative of g (p V ) with respect to p V is less than zero and the second-order derivative of g (p V ) with respect to p V is greater than zero, therefore the considered optimization problem is a convex problem. Then, the optimization problem can be solved based on KarushKuhn-Tucker (KKT) conditions. With p R ̸ = 0and p V ̸ = 0, the KKT conditions are given by
Then, substituting (32) into (33i) results in
Finally, according to KKT conditions (33a)-(34b), we can obtain the power allocation given in (25).
B. Optimal Power Allocation
By comprehensively considering the three cases in Sec. III-A, the optimal power allocation can be expressed by
IV. SIMULATION RESULTS AND ANALYSIS
In this section, numerical results and analysis are provided to show the performance of the proposed cooperative V2X transmission scheme. The simulation parameters are listed in Table I . The road length covered by the RSU is 432 m, and the distance between the RSU and the road is 250 m, the lane width is 3.5 m in Fig. 1 . In order to simplify the simulation, we assume that the two vehicles have the same speed. than that under V2I transmission only. Therefore, the proposed cooperative transmission can achieve the HD map transmission with low power consumption.
V. CONCLUSION
This paper studied the power efficient transmission of HD map, which is significant for automatic driving. In order to reduce power consumption while guaranteeing the transmission rate requirement, a cooperative V2V/V2I transmission was proposed for HD map transmission. To realize the cooperative transmission scheme, the power allocation at both RSU and vehicle are given through solving three sub optimization problems. Finally, the simulation results indicated that the proposed scheme can significantly reduce the total power consumption compared to the V2I transmission scheme while meeting the transmission rate requirement of HD map. 
